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| Advertiſement. 


I E public will pleaſe to excuſe any par- 
ticularity of ſtyle in the ſucceeding pam- 


4 I, ſince its appearance 1s accidental in this 


form. I promiſe myſelf ſo much indulgence 
from their candour, when they ſhall know it 
was originally intended to be no more than 
the title expreſſes ; a private Letter to a foreign 
Naturaliſt. - 
> There is 2. freedom of fiyle, and aſſured 
manner peculiar to this kind of correſpond- 


ence, which would be too aſſuming in works 


addreſſed immediately to the public; and 
might not unnaturally draw upon the author a 
cenſure of ſelf-ſufficiency and vanity. This 
explanation, I hope, will defend me from fo 
unfair a charge: for indeed no one knows 
more the narrow limits of human knowledge; 
or entertains an humbler 1 of the returns 
for years of application. 
That the experiments which were the occa- 
ſion of writing it, have added their mite to the 
ſtores of ſcience, will be allowed; for it has 
not before been known, that thoſe changes 
which are brought on by night, in what are 
called the ſleeping plants, and in tne ſenſitive 
by a touch, could be at our pleaſure occaſion- 
ed at any hour; and without the touch, or any 


other motion. rs 


r 8 1 


iv ADVERTISEMENT. 


As this depends ſolely on removing the 


cauſe which kept them awake (ſo it is the fa- 


| ſhion to ſpeak), and expanded, it will be al- 


lowed alſo that cauſe, though hitherto undiſ- 


covered, is known. 
This is the utmoſt of the diſcovery ; and 


from this I * 1 nothing can be 


taken. 


The word sleep, uſed on this occaſion, will, 
I am afraid, appear to the judicious Britiſh eye, 
an affected, as well as improper term: but the 
application of it lies at another's charge ; and 

perhaps the manner of the country where he 
is native, will excuſe it. Having thus diſ- 

claimed the word, I ſhall be pardoned for 
uſing it in the following diſcourſe, when the 
reader conſiders it as a private letter, written 
to the perſon who firſt adopted the expreflion. 

Ihe preſerving that term, and publiſhing _ 

the whole with the particularities which gave 

occaſion to this apology, has been owing to a 

ſtrict regard to truth; which prompted me to 

lay the letter before the public unaltered, ra- 
ther than amended: nor has the publication of--:- 
it in England, where the taſte of ſcience is 
not general, any other motive, than to ſave 
the tediouſneſs of tranſcribing, for the uſe of a 
few, who have been pleaſed to flatter me by 


their defire of preſerving the diſcovery in its 


; original form, 
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To Tus CELEBRATED. 


LINNAUS 


R is not ſtrange to you to be addreſ- 


N 1 A (ed from remote countries; nor in 


78 


A, ER PI the cauſe of ſcience can it be unwel- 


Come. 


Probably you have leſs . this Rem | 
me than any other; but I will not ſuppoſe you 
have leſs deſired it: The fame purſuits have a 
long time engaged our attention; and it could 

not be that I ſhould paſs over your great name 

in filence. If our opinions have differed, tis 
upon a ſingle point; your arrangement of 
plants. In regard to that much greater article, 
the eſtabliſhing their diſtinctions, and aſcer- 
taining their characters, I have always admired 
and reverenced you: to diſpute your determi- 
nations there, were to deny the characters of 
nature. 


Free in the tibute of applauſe on this head, 


J have on the other been as open in my cen- 
ſures ; equally uninfluenced by envy, and by 
fear. It 1s thus ſcience may be advanced ; 

and you will permit me to ſay, thus men of 
candour ſhould treat one another. In this 


light I perſuade myſelf you have always 1 


my 


(6) 


my conduct toward you: that you have read 
with the ſame equal temper the cenſures of tage 
Britiſh Herbal, wherein it came before me to f 
examine ſyſtems; and the Juſt applauſe of 
Eden, where the characters of genera, and di- 
ſtinctions of ſpecies were molt to be confider- _ 
ed; and that you will receive theſe impartial Y 
thoughts with more ſatisfaction, than all the 
little flattery of your pupils, or ignorant ap- | 
plauſe of thoſe who have not underſtood your 
writings. 
Syſtems are vague 45 unſubſtantial; but 
thoſe diſlinctions are invariable and everlaſt- 
ing: and many diſtributions may be formed 
upon the diſcoveries you have made of them. 
In this eſſential part of botany you have alone 
done more than all who wrote before you: 0 
and I am convinced you will entertain no en- 
mity againſt me, who with equal freedom 
point out theſe excellencies, and what have 
appeared to me your imperfections; that you 
will read thoſe cenſures with no more reſent— 
ment than I wrote with malice ; and will ſee 
on what foundation to build your fame: for $4 
have often ſaid, and the world will foy it, | 
your ſyſtem is repugnant to nature, although 
your characters are her own. 
This is the opinion I entertain of you; and 
in this confidence addreſs to you the preſent 
treatiſe: an attempt to explain the cauſe of a 
quality in vegetables, whoſe effects none has 
obſerved with ſo much diligence or accuracy 
as as yourlelf. * 
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SECTION 1 


That the leaves of certain plants aſſume at 


night a diſpoſition different from that of the 
day, has been long known; Acoſta records it 
of the Tamarind; Alpinus of that tree, and 
of the Abrus * ; and from theſe, all who fol- 
| lowed: Alpinus extends the obſervation to ſe- 


veral other of the Egyptian kinds; and you 


have carried it much farther among the Eu- 8 


ropean. | 
'That Author 8 it a proviſion of nat 


ture for the defence of the nobler parts, the 


flowers and fruit : and he particularly obſerves 


of the Tamarind, that its leaves embrace the 
tender pods. 


This opinion Ray Alte wel, "thouph he al- 


lowed the fact : but you have adopted N. 1 
think it will appear upon a ſtrict examination, 
that the change itſelf is a natural effect, reſult- 
ing from the common properties of bodies, 
and their operations upon one another; and 
that the author of nature has in many in- 


ſtances made it effectual to that great purpoſe ; 
though in others it happens equally, without 5 


anſwering ſuch end. 


We ſee how far the obſervations of earlier k 


- writers carried the diſcovery ; how much far- 
ther your own: and I perſuade myſelf you 


will accompany 1 me with ſatisfaction | in a more 
* Tolcarch. 


S 


_ 


= lvoe folii pinnatis conjugatis, binnis ovatis ob- 
longis, obtuſis. 
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TY. 

You have deſerved greatly of the world in 
this and other inſtances, by tracing nature's 
ſteps, and recording thoſe obſervations. To 
relate theſe facts is to give the hiſtory of na- 
ture: but there is ſomething more within our 
reach: The human mind, daring, though 
| weak, and inquiſitive under all its limitations, 
ſeeks, and ſometimes not anHaphpy | their 

cauſes, 
There have not been wanting from the time 

when this property in vegetables was firſt re- 

garded, ſome who have ſought its origin; but 
all yet unſucceſsfully. Thoſe who ſuppoſed it 

the effect of heat and cold, might for a long 
time ſeem to have judged rightly ; but when 
we find the fame thing happen with equal re- 
gularity in ſtoves, where there is no change in 
the temperature of the air, we are convinced : 
that opinion cannot be juſt. : 
They were as far from truth, who ſuppoſed 

the health or ſickneſs of the plant of any con- 
ſequence in this reſpect ; nor can I affirm that 
J have found nature in all inſtances confirm 
your obſervation, that it is more obvious in 5 
young plants than old. 
It will appear from the following Un that 
the ſleeping and the ſenſitive plants are natu- 

rally allied'; that their motions, though differ- 
_ ently brought on, are dependent on the ſame 
principle ; that many of the fleepers approach 
to the quality of the ces] and that all 
the ſenſitives have theirs. 
This will ſhew the ſubjects are connected, 
and the principal A will prove, that, 


with 


4-0; 


with this connection, the principle of their 
motion is alſo found. 
If I can cloſe the Abrus leaves at noon-day, 
and open them again at pleaſure, you will 
own, I Know the principle of their change of 
poſition. 
If I can dhe down, as well as cloſe the = 
leaves of the ſenſitive plant, without a touch, 
by removing the power which keeps them 
erect, and expanded, you will acknowledge 
the latent principle of their motion is allo un- 
derſtood. 15 
We always know! the Guse of thoſe effects 7 
we can ourſelves produce; and experiments 
are the true teſt of Po. 


$E©CTg II. 


We ſee a great number of plants cloſe their ' 
leaves at evening. The fact is as obvious as it 
is ſtrange : but we know every effect has its 

cauſe ; and we are to ſeek this, not by vague 
conjecture, but in the eſtabliſhed properties of 
bodies, and their known influence, in differ- be 
ent caſes, upon one another, 
+. The ſtructure of plants we may eaſily know; 
and of no part more perfectly than of the 
leaves: for a good microſcope ſhews their 
{malleſt veins. 
Between the two ſkins of the leaf, EY 
are continuations of the outer rind of the ſtalk, 
there run innumerable fibres of a larger kind ; 
with cluſters of more minute ones, in various 
forms ang them, 


. 
＋ he large veſſels are of a woody ſübſtance ; 
hollow; and ſmaller all the way from the bale 
of the leaf : they are collected together in a 
compact manner in the footſtalk ; with deli- 
cate cluſters at its bale : and they are l 
ſent from the ſtem. 

They ſerve to ſupport the leaf in its proper 
a poſition; and therefore whatever external or 
internal cauſe affects them, will e that 
poſition. 
1 Ĩhis is the confiradion of the part to be i in- 
ont fluenced ; the queſtion remains, what it is that 
{18 affects it; and to know that we are to examine 
ft! whatever may have ſuch power. ” 
Leaves thus conſtructed are always ſur- 
11 rounded by the air; and they are occaſionally 
| | 15 and variouſly influenced by heat, light, and 
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moiſture : The air alſo itſelf being in a conti- 
nual ſtate of variation, its alterations are to be 
conſidered as poſſible ſubordinate cauſes of 
change. 

Theſe things, and theſe only, come within 
contact of plants, or within the ſphere of in- 
fluence. Bodies do not affect bodies, but on 

contact, or within that ſphere : therefore the * 
=: cauſe of the change of poſition in leaves, is to 
i . be ſought among theſe agents, and no other. 
| They are naturally complicated, and they 
act on molt occaſions together. We are there- 
fore to obſerve, firſt, what effects reſult from  - | 
their mutual combinations in a ſtate of nature: 
and having aſſigned in theſe caſes the effect to 
the proper and particular cauſe, from this 
power of that agent, whichſoever it is, that 


acts 


ide, - 


1 
Acts thus in concert with the reſt, we may de- 
duce its operations lingly. 


SECT. Wt 


Pinnated: leaves, ſuch as are compoſed af 
numerous lobes, or ſmaller leaves placed ona 


common -foot- ſtalk, are molt remarkable for 


their change of polition : it will be therefore 

| beſt to wave all other conſideration here; and 
| obſerve ſolely the condition of theſe. 
The four agents we have named are univer- 
ſal; but we ſhall find their operation differs in 


viindaud climates. In theſe temperate king- 
dome, our native plants which have pinnated 


leaves, naturally hold the lobes nearly hori- 
Zontal, and ſhew but a moderate ſenſibility in 
this reſpect; in the hotter regions of the Eaſt, 
the uſual poſition of the lobes in theſe plants 
is turning upwards, and they are extremely 
ſuſceptible of change of poſture ; in Egypt 
moſt of all: in the more northern nations, on 
the contrary, they ſcarce ever reach an hori- 
zontal poſition, and they ſhew bd little 


change on any occalion. 


As we ſee different appearances in theſe. 
parts of plants in hot, temperate, and cold 


climates; obſervations of a like kind ſhew 


they are not leſs variouſly affected in the ſame ; 
kingdoms in rainy and fair ſeaſons. In thoſe 
places where there arc regular periods of rainy _ 


Weather, the change in the face of the pin- 


nated plants 1s very great, and certain : Thoſe 
which in the fair months carry their lobes in 
B 2 at an 


_ = — 
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an obtuſe angle upwards, conſtantly hang them 


obtuſely downward in the time of the rains. 


Theſe are the obſervations of curious voy- 
agers ; and they have been confirmed by the 
immediate notice of botaniſts in thoſe places. 


The firſt would ſeem at once to give the effect 


to heat; and the other to moiſture : but far- 
ther obſervation ſhews it is otherwiſe. You 


have juſtly obſerved, that the ſame thing hap- 


pens to plants in the ſtove, where there is no 


| alteration in point of heat; and I have found 
by careful trial, that moiſture has in the ſame 
reſpect no effect : I have for this purpoſe wa- 

_ tered ſome plants almoſt to deſtruction, and 
left others of the ſame kind dry ; and no al- 
teration has been made by this : They all ex- 
pand, or raiſe their leaves in the morning, and 


drop them in the evening; at the ame hour 


and in the ſame degree. 


Two of the four natural agents, heat and 


moiſture, are therefore excluded from any 
ſhare in this effect: the air is too univerſal, 

and its changes too much depend on theſe, to 
be admitted in the reſearch. The attention 
therefore falls on light alone: and I have 
found by many experiments, that the change 


of poſition in the leaves of plants at different 


periods of the day and night, is owing to this 


agent and no other. This is the diſcovery 1 


. perſuade myſelf I have made; and I ſhall en- 
deavour to ſhew, that it is founded on reaſon, | 
and ſupported by experiments. 


Nor 1s there any thing ſtrange in the effect, 
when duly examined. By excluding the ſup- 


poſed cauſes, we have diſcovered the real, for 


there 5 


1 


there remained no other: and in examining 


the ſubject, on the principles here laid down, 


we ſhall find not only that no other power 


could produce the effect; but that li, ght 1 inevi- 
tably mutt. 


Theſe are the dldoperier on which the ever- 


laſting ſeal of truth 1s ſtamped ; which reaſon 
_ dictates ; and which eee confirm. 5 


SECT. IV. 


We have propoſed to ſearch the latent prin- : 
ciple of this change in the qualities of bodies, 
and their natural operations upon one another. 


We have ſhewn what is the ſtructure of 


leaves in general; and it will now be proper 
to fix on ſome one in particular: Let us chuſe 
for this purpoſe an Egyptian plant, ſince thoſe 
ſhew the effect moſt of all; and among theſe 
none can be more proper than the Abrus, ce- 
lebrated for it by the earlier writers. 
Ihe leaf of this plant conſiſts of thirteen 
pair of lobes, fixed by very ſhort and ex- 
tremely ſlender footſtalks to the middle rib; 
and this to the main ſtem of the plant. 
Examining its internal ſtructure by the mi- 
croſcope, we find a number of delicate fibres, 
riſing from the central part of the main ſtem, 


and continued in a courſe obliquely upwards, 


through the intermediate parts, and to the 
out- ſide of the rind. Here they ſwell ; and 
run into ſeveral regular cluſters, ſpreading 
downward and on each fide ; and theſe form 
(under the continued covering of the ſtem) the 
baſe 
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baſe of the common footſtalk, or middle rib of 
me leaf. 


From this part they are carried in a ſmall 


compacted bundle, ſtrait forward to the ex- 


tremity of the rib; and there, as there is no 
odd lobe to cloſe the leaf, they terminate in a 


point, covered by the common integuments. 


From each fide of this middle rib rife the 


föootſtalks of the ſeparate lobes. They are 
formed of a multitude. of delicate veſſels, 
ranged cloſe together, and confined by the 
covering, which is the common rind of the 


plant continued to that part. 
At the baſe of each lobe there is another 
complex cluſter of fibres. From this part 


: they are protended forward, ſtrait to the end _ 
of the lobe; and they ſend out only ſlight 
branches into the ſeveral parts of the leaf. 


This is the particular fabrick of the Abrus 


leaf, as ſcen upon a careful diſſection, and 
with a good microſcope: it agrees with the 
general conſtruction, we have given before, as 
the common cours of nature in theſe parts ; J 


and it will regularly explain the change of 
poſture i in the lobes, under the different influ- 
ence of light. 

Light is ſubtile, active, and penetrating ; by 


the ſmallneſs of its conſtituent parts, it is ca- 


pable of entering bodies ; and by the violence 


pl its motion, of producing great effects and 
changes in them. Theſe are not permanent, 
becaute thoſe rays which cccation them, are, 


in that very action, extinguithed, and loſt. 
Bodies may act on light without contact; 


for che rays will be reflected when they come 


extremely 5 


[I ) 


are loſt. 
The change produced in the poſition of the 


leaves of plants by light, is the reſult of its 
motion occaſioned by its rays among their 
fibres: to excite this motion, the light muſt 
touch thoſe fibres; and where light touches, it 


adheres, and becomes immediately extinguiſh- 


ed. 
SECT. . 


Theſe are 0 everlaſting and invariable A 


properties of light: and, according to theſe, 
the change we attribute to it, being once of: 


fected, mult be continued as naturally and as 
neceſſarily as it began, {0 Jong as the light con- 


tinues, and no longer. 
The railing of the lobes in cheſs leaves will 


be owing to the power of thoſe rays which at 


any one inſtant fall upon them: theſe become 


_ extinguiſhed ; but others immediately ſucceed 
to them, ſo long as the air in which the plant 


ſtands, is enlightened. It ought therefore to 


be ſeen, that in full light, the lobes continue 


in their moſt raiſed poſition ; and that they 


droop from that in proportion as the light 


. becomes leſs. 


This which appears neceſſary from the | 
powers of light, and the conſtruction of leaves, 8 


is true alſo in fact. 


We have ſeen that the footſtalks Py 1 
lobes, are cluſters of fibres protended from the 


center of the ſtem ; that they are continued 


tnrou ugh 


extremely near : but light can act on bodies 
only by contact; and in that contact the rays 
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through the lobes ; and that they ſupport them 


In their poſition, whatſoever i EM: 
The effect of light upon theſe fibres is the 


putting them into an inceſſant vibration: This 
happens neceſſarily from the continual impul- 


- fion and extinction of the corpulcles, of 
which light is compoſed, and the freſh im- 


pulſion of others, upon the extinction of the 
_ firſt. 


7 cannot be, but that a doſter of ** 


flibres, affected inceſſantly by theſe concuſ- 
ſions, mult be put into a vibrating motion; 'Y 
and this will be greater, as the e is more, 
and weaker as it is leſs. 
This vibration is ſimple in the e 5 
fibres; but it operates as variouſly as diſtin- 
guiſhably on thoſe cluſters of them which are 
placed at the baſes of the main rib, and of the 
ſeveral footſtalks of the lobes. 
It is on the operation of light upon theſe: 
interwoven cluſters of fibres, that the motion 
of the leaves in gaining their different poſi- 
tion depends; and conſequently, the motion 
itſelf is various, according to the conſtruction 
of thoſe cluſters. 
In the Abrus they are large, and of a | lax 
compoſition ; conſequently the lobes are capa- 
ble of a drooping, an horizontal, and an ob- 
lique upward poſition : in the Tamarind, and 
the broad-leaved Robinia, they are more com 
pact, and hence all the motion of which thoſe 


leaves are capable, is an expanding open, and 


a cloling ſideways; which the direction and 
courſe of the fibres alſo favours; in the Par- 


* kinjons they are ſmaller, and yet more com- 


pact; 


E 


pact; and the conſequence of this i is, that its 


lobes have no farther poſſible motion, than the 


expanding and cloſing upwards. 
Hence the effects of a full light are differ- 


ent on various of the pinnated leaves; raiſing. 


the lobes of ſome, as the Abrus, and opening 


or expending thoſe of others, as the Parkinſo- 


ma. 


The impulſe of light, aid the ideation it 


produces, are the ſame in all theſe inſtances : 
but the direction of that motion into which 


the lobes are thrown, is according to the 


courſe of the fibres; and the quantity of it, in 


equal degrees of light, to the conſtruction of 


thoſe reticulated cluſters. 


This univerſally appears on examination of : 


tte cluſters of tibres by a microſcope, and ob- 


' ſervation of the motion of the lobes : that 
motion being univerſally of greater extent, 


where the cluſters of fibres are longer, and 
more looſely interwoven ; and of leſs, where 
: they are ſhorter, and more compact. 


I The effect of light upon bodies we ſee _ 
to put their parts into a vibrating motion; the 
conſtruction of pinnated leaves is ſuch as na- 


turally admits and propagates that influence; 


: and the cluſters of fibres are as a kind of 


joints on which their lobes are capable, under 


the influence of light, of a certain limited 


motion . 


As the ſtate of. water elated by heat 
is ice, the natural polition of the Ne a in 
theſe pinnated leaves is drooping. This is 
their poſture of repoſe: but in this they were 
not intended by the author of nature to re- 
a2: main "Mp 
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main; for vegetation is very imperfectly per- 
formed, while they are in it. 
I he effect of light is this vibration, and the 
alteration of poſition in thoſe lobes. This is 
the doctrine here advanced, and this is ſup- 
N by the following experiments. 


1 E C T. VI. 


11:18 555 removed a plant of the Abrus from a 
[1:78 ſtove, in the evening of the ſeventh of Au- 
Ji! guſt, and placed it in my ſtudy, where it 
could have the effect of moderate day-light, 
without being expoſed. to the immediate | ac- 
tion of the ſun. ; 
This might be conceived the moſt natural 
and equable degree of light; and therefore | 
fitteſt for the firſt experiments. 
The lobes of the leaves were at evening, 
when the plant was brought in, fallen perpen- 
dicularly from the middle rib, and cloſed to- 
gether by their under ſides. 
Thus they continued during the night; in 
2. ſtate of perfect repoſe. Half an Hour after 
6055 day-break they began to ſeparate; and in a 
5 quarter of an hour after ſun-riſe ſtood hori- 
5 Zontally; flat, and perfectly expanded. Long 
5 before ſun- ſet they began to droop again; and 
1 toward evening Whey were cloſed underneath, 
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Next day the plant was ſet in a room where 
there was leſs light. The lobes were raiſed in 
the morning; but not to a horizontal fituation ; | 
and they drooped earlier at Wening 
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The third day it was ſet in a ſouth win- 


dow, open to the full ſun. Early in the 
morning the leaves had attained their horizon- 
tal ſicuation ; by nine o'clock they were raiſed 


conſiderably ; ; and they continued in this ſtate 


till toward evening, when they by degrees 


fell to the horizontal ſituation ; and from that 


drooped gradually to the uſual ſtate of reſt. 
Ihe fourth day the plant ſtood in the ſame 
place, but the ſun did not appear. The lobes 
obtained early their horizontal ſituation, but 
did not riſe beyond it; and in the evening 
Cloſed as uſual, below. 


1 0 7. vil. 


T den experiments e the effects of ve 
rious degrees of light: at the ſame time, that 
they prove the whole change to be occaſioned 
by light only. 

The effect of modes light, that i is, the 

light of a bright day out of the ſun-ſhine, is 
to raiſe the lobes to an horizontal dia: 2 
Loeſs than this places them at an obtuſe angle 


downwards : more, at an obtuſe * up- 
wards. 


The fifth day the plant: was ſet! in a leſs en- 
lightened room : and the leaves had obtained 
by nine o'clock their poſition at an obtuſe 


angle downward : it was then brought into 


the lighter room, and they roſe to the hori- 
zontal ſituation in a quarter of an hour. It 
was then removed to the window, where the 


fun ſhone, | and the lobes were elevated as 
S2 before; 0 
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before ; and being thence carried into the leſs 


light room, they drooped again. All theſe | 
changes were produced between the hours of 
nine and two, the weather the ſame, and only 


- the place of the plant changed. 


On the fixth day it remained in moderate 


: licht; ; and kept its leaves horizontal. 


On the ſeventh I made the final experi- 


: ment. 


It 3 to me, that if light were the 


ſole cauſe of the motion, and change of poſi- 
tion in the leaves, then denying the plant the 
benefit of light at any time, muſt bring on 
that change: that it would not be difficult to 
darken the place where the plant ſtood, at 
any time: and that the conſequence of this 
muſt be, if the principles already laid down 
were true, a bringing on of the change at any 
time of the day. This experiment appeared 
as a juſt proof of the foregoing reaſonings: 
if darkneſs would at any time throw down the 
lobes, the ſyſtem of that motion before deli- 


vered muſt be true; if not, that all the reaſon- 
ings mult be falſe. 


The aſſent of the World muſt = de pend 5 


on this. Deductions of reaſon may he. =- 


puted, but it will be allowed certainly, that 


we underſtand the cauſe . a change we can 
produce. 


In the evening of the fixth day 1 ſet the 
plant in a book- caſe, on which the morning 


ſun ſhines ; and throwing open the doors, 
lett the whole to nature. The lucceeding day 
was bright. The lobes which had met in 


their 


N 


their drooping poſition at evening, and conti- 


nued ſo during the night, began to open 
early in the morning, and by nine oclock _ 
they had paſſed their horizontal ſituation, and 


were elevated in the uſual manner. 
I then ſhut the doors of the book- . 


the plant was by this left in darkneſs; and on 
opening them an hour afterwards, the full 

change had happened: the lobes were all drop- 
ped, and it was in the ſame ſtate that it would 


have ſhewn at midnight. 


On the opening of the doors the change 


began very ſoon : and in twenty minutes the 


lobes had obtained their elevated ſituation. 
This experiment ! have ſince many times re- 


peated, and always with the ſame ſucceſs. 


It is in our power therefore to bring on this 
ſtate of repoſe at pleaſure ; and by the ad- 
miſſion or excluſion of light, to make the 
plant at our own time put on all its changes, 
trom the drooping to the moſt elevated 288 


tion of the lobes. 


We know that in theſe experiments, light 
alone is the cauſe: we are therefore certain, 
that what is called the ſleep of plants, is the 5 
effect of the abſence of light alone, and that 
their various intermediate ſtates are owing to 


i different degrees. 


SECT. VII. 


This being explained, a fecond T 


follows naturally. The motion of the ſenſi- 


tive plant, at the cauſe of which no philoſo- 


pher 
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pher has hitherto ventured a conjecture, is in 
a great meaſure owing to the ſame principles: 
and the explanation of it, which before the 
effect of light upon the leaves of plants was 
thus ſhewn, muſt have been inveloped in im- 


penetrable obſcurity, may now be regularly 


purſued. 


The ſenſitive plant, beſide its ſingular qua- 


lity of cloſing and dropping its leaves upon 


dhe touch, is ſubject to the ſame changes with 
the Abrus, and thoſe other kinds, we have 55 


named from the effect of light. 


Theſe natural, as well as the accidental 


motions on the touch, I have traced regularly 


in the common ſenſitive plant : but betore we 
enter on the detail of thoſe obſervations, it 
will be proper to remark, how nearly ſome 
other plants approach to the quality of this, 
and the other ſpecies of ſenſitive ; which 
they have been hitherto fuppoted - to pune 


Alone. 


This nn quality i is a power of motion 
in the lobes and their footſtalks. No change 
of poſition can be made without motion of the 
parts, therefore the Abrus, and all theſe other 


plants have alſo motion. 
They agree with the ſenſitive in diſplaying 


this motion from the power of light; and all 


that remains particular in the ſenſitive is, that 


it is capable of the ſame motion from another 1 
cauſe. This is an accidental ſhock of its 


parts. 
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Even that is a quality common to ſome 
other kinds, though in an inferior degree: 
for a Tamarind tree has lately under my ob- 
ſervation, cloſed its leaves on motion. 
A A flouriſhing plant of this, a yard high, be- 
ing brought from Mr. Lee's nurſery at Ham- 
merſmith, to me in St. James's Street, in the 
middle of the day, came in with its leaves 
cloſed, as it naturally has them at midnight, , 
and as the ſenſitive plant on being touched. 
An Abrus ſuffered no change under the 
like circumſtances. 


Hence we infer, that the ſame FEES Hoe 


of parts, which gives the ſenſitive plant the 
power of motion, is in the Tamarind tree, 
though leſs delicate; fo that a ruder ſhock is 
required to bring on the change. 7 
NR W102 lower degree alſo in the Abrus, 
for light has that power, though the effect 


cannot, ſo far as we have yet leen, be pro- 


duced by a ſhock. 


Plants which ſuffer this change Gm the 
effect of light, may, though they do not uni- 
verſally, ſhew it alſo from motion; and all 
plants which are capable of this change by 
motion, ſuffer it alſo from the ablence. of - 


light. 


Light e1ves their lever that poſition, from 


which they are to be thrown by a touch : and 
the abſence of light takes the ſame effect with 


that touch; though i in a : flower manner, 
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The ſenſitive plant at noon-day has its 
leaves raiſed and expanded. The footſtalks 
make an acute angle with the main ſtem, and 
the two leaves which grow on each of the 
_ firſt or lower ones, ſtand remote from one an- 
other. The lobes which compoſe theſe, are 
about twelve pair to each, and theſe alſo ſtand 
in an horizontal direction. 1 
Thus the young plant appears in ; the mid 
* hours of day. At the approach of even- 
ing, the lobes begin to draw themſelves toge- 
ther upwards, as in the Parfginſonia; and the 
middle rib of each approaches toward the 
| Other: at night the lobes are as entirely ſhut 
upwards, as thoſe of, the Abrus downward, 
the two ribs are placed cloſe to each other ; 
and the footſtalk which e them both, 
hans gon. 
his 1s the ſtate of repoſe. of the ſenſitive 
plant: into this it falls every night naturally; 
and into this it may, in the ſame manner as 
the Abrus, be thrown at noon-day i in a dark- 
ened place. 


SECT, X. 


As we have ſeen the cauſe of this change 
in the Abrus to be light, and have traced the 
manner of the operation; it is eaſy to follow 
it alſo in the {ſenſitive plant, Gough: the lame 6 
courſe of enqui 
At the baſe of the footſtalke, where it joins 
the main ſtem, there is a cluſter of complex 
fibres: Theſe hive riſen from the inner park. 
and Nel the woody ſides. 
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From this complex cluſter, the fibres proceed 
in a ſtrait line up the footſtalk, till at the head 


of that, where the two leaves riſe, there 18 


another ſuch cluſter: thence the fibres: run 
{trait the length of the main rib, and ſend out 
on each fide other cluſters at the baſe of every 
lobe. From theſe more minute fibres run 
ſtrait through the leaf, and ſend out lateral 
ſhoots. 
This the microſcope diſcovers plainly ; and 
this ſhews that not only the natural een 
of the ſenſitive plant are the ſame with thoſe 
of the Abrus and others, but that the con- 
ſtruction alſo is the ſame 1 in its kind, though 
more complex. 
In the night the enficve plant! is not capa- 
ble of the common motion on the touch, for 
the leaves are already in the condition whereto 


they would be reduced by it. In the day 


they riſe and ſpread : and tis then the ſtrange 


effect appears on touching 8 
Light expands the lobes, ſeparates the ribs, 


and raiſes the footſtalks. It does this, by 
putting all the parts of them in a vibrating 
motion. This we have ſeen in the Abrus, is 
principally effected by means of thoſe cluſters 
of fibres which are placed at the baſes of the 
footſtalks. In this plant, as there are no leſs 
than three ſets of thoſe cluſters, the effects of 
the ſame principle are naturally much greater 
than in the Abrus, where there is only one. 
The vibration of the parts is that which 
keeps the leaves of the ſenſitive plant in their 
expanded and elevated ſtate: This is o-ẽng 


i to a delicate motion continued through every 
the 
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fibre of them. When we touch the leaf, we 
give it another motion more violent than the 
firſt : this overcomes the firſt: the vibration is 
ſtopped by the rude thock: and the leaves 
clole, and their footſtaiks fall, becauſe that 
vibrating motion is deſtroyed which kept them 
elevated and expanded. 

That the power of motion in the ſenſitive 
plant depends upon the effect of light on the 
_expanacd turiace of the leaves, is certain; for 
| Lili they are expanded, they have no ſuch 
power. Ihe y young leaves, even when grown 
to half an inch in length, have no motion on 
the touch, though rough and ſudden. 

Io propagate the motion when the leaves 
are in a ſtate to ſhew it, there requires a per- 
ect and confirmed ſtate of thoſe cluſters of 
 fivres lodged at their baſe. This is evident: 
| for when the young leaf has firſt come into 
| the ſtate of vibration, a touch will make its 


lobes cloſe; but the effect is not continued 


down the footſtalk, till it is more confirmed. 
No ſhock on the young leaf will affect the 
footſtalk before it is expanded: hence the 
cluſters of fibres at the baſes of the lobes ſirſt 
acquire their due condition for motion; and 
afterwards thoſe at che head of the main foot- 
talk. f 

As the: requires a 1455 firmneſs to oive the 
cluſters of fibres the ſuſceptibility of motion, 
and power of propagating it farther; there 
needs alſo a concurrence of favouring circum- 
ſtances, to preſerve them in that delicate 


Nate wherein they a are en of ee theſe 
POWers. : ee 2 | | 
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The cold air hardens the fibres and impairs 
their ſuſceptibility of motion. The ſenſitive 
plant becomes more languid in this en 


when removed out of the ſtove. 


The correſpondence between this motion, 
and what you have called the ſleep of plants, 
or their natural cloſing of their leaves at 


night, appears alſo in this inſtance: for as the 


5 ſenſitive by being removed out of the ſtove, 
| loſes in ſome degree the quality of cloſing its 
leaves on the touch, the Tamarind by the ſame 
cChange loſes in great pare its quality of cloſing 
the leaves at evening. This is probably ow- 
ing to the juices ſtagnating in the cluſters of 
fibres, and to the contraction of ae bark by 
Cold. 
The communication of motion is -lefs from | 
the lobes to the footſtalk ; and greater from _ 
the footſtalk to them. The greateſt ſhock is 
given to the plant by a rude touch of the 
ſtem: but even this does not affect the 1 unex · 
panded or young leaves. 
The analogy between the effect of i a ſudden 
motion, and of the abſence of light is con- 
firmed alſo by this; for as light decays natu- 
rally at evening, or artificially by ſhutting up 
the plant, the lobes firſt cloſe, and the foot · | 


ſtalks afterwards fall. 
The power of abſolute darkneſs is greater 


on the ſenſitive plant, than that of the rudeſt 
touch. The rudeſt touch will only cauſe the 


lobes of the ſeparate leaves to cloſe, and the 


footſtalks to hang down: the two leaves will 
remain far aſunder. The effect of abſolute 
darkneſs exceeds this; for the two leaves 
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cloſe alſo abſolutely together, and it appears 


as if the footſtalk ſupported only one. This 
proves that the expanſion of thoſe parts de- 
pends ſolely upon the effect of light; and 


that although it may be diſturbed by a ſuper- 
added and ruder motion, yet it can be taken 


away abſolutely only by darkneſs ; by the de- 
fect of that to which alone it was owing. 


Theſe experiments every one may eaſily re- 


peat: the obſervations will be familiarly made 

by any who have ſtoves: They are conſtant 
and invariable; and the concluſions from 
them are certain; for no other cauſe inter- 
venes. 


The effect of light is til while the 


lieht continues. The plant therefore whoſe 
leaves have been thrown down, and cloſed by 
this rude ſhock, is immediately affected by the 


light, as at its firſt appearance in the morning. 


or as on its admiſſion, when the leaves had 
been cloſed by artificial darkneſs. The vibra- 


tion begins; and if the light be at its full 


| ſtrength, the expanſion and elevation of the 


lobes is fo quick, that one may almoſt look 
upon the plant, and fee it. A few minutes 


often perfects it. 


That the touch of tho leaves no other way 


affects them than by a motion greater than 


their own internal vibration, 1 1s plain from this, 


that if they be touched with a finger in fo de- 
liberate and gentle a manner as not to move 


them, no effect is produced: and on the other 


hand, if they be any other way moved, the 
full effect follows. 


It 
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If the pot be ſhook, though no part of the 
plant be touched, the leaves cloſe, and their 
tootſtalks fall: or if the wind blow them, the 
effect is the ſame. 5 
Hence it is certain that the: expanſion of FR 

lobes, and elevation of the footitalks in theſe 
pinnated plants, is occalioned ſolely by that 
vibrating motion, in which their parts are 
kept by the continual impulſes of light : and 
_ conſequently that in all of them they col- 
| lapſe or fink on the abſence of light; and in 
the more delicate kinds upon the thock of any 


rucder motion, which for the preſent ops that : 
vibration. 


Hence alſo the different appearance of / pin- 


nated leaves in various climates is underſtood; 


and may be aligned to its true cauſe, which is 
the different degree of light,  _ 
In the Eaſt the lobes are expanded, not bw 
als of the heat, but becauſe the light is 
ſtrong : In the northern kingdoms they droop, 
not from cold, but becauſe the air is leſs en- 
lightened: In the rainy ſeaſons they alſo 
droop, but it is not from the moiſture, but 
the darkneſs of the weather; and in Hgypt : 
they are moſt raiſed of all, not becauſe it 
never rains; but becauſe the light is con- 
Manat 3s, 
Ihe Abrus N in a fouth window per- 
£ fectly ſhews this; for the expanſion and ele- 
vation of its leaves is proportioned. always to 
the degree of light, and conſequently it is af- 
fected 150 the cloudy or clear weather, though 
the plant remain in the ſame place. 
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The lohes begin to riſe before tlie ſun is 
410 the horizon, becauſe the air is enlight- 
ened in a proportioned degree; and they begin 
to cloſe again long before it ſets, becauſe in 


the ſouth window the ſhadow of the buildivg 
darkens the air about them. | 


In the rainy weather which we have now iter | 


ly had, the leaves wore the ſame appearance 
they would have done in a plant native of a 
country where there are ſeaſons of rain; they 


never at any time of the day reached the ho- 


rizontal poſition, and they drooped much ear- 
lier in the afternoon, and began to Sn 
much later in the morning. 


The ſenſitive plant which was . near 


5 tha Abrus, was affected in the ſame manner : 

and by repeated and careful examination, I 

have always found, that in both theſe and 

in all others, the degree of elevation or ex- 


panſion in the lobes, is exactly proportioned to 


the quantity of light; as it 18 Hoey dependent 
On it. | 


When the ſenſitive plant has been kept out 


of a ſtove ſome days, and has loſt ſome part of 


its power of motion, if the leaf be Ae 


ſoftly, and the force encreaſed gradually, 


will bear a great deal without drawing up = 3 
lobes; but at the ſame time a much leſs preſ- 


ſure given with * ſudden ſtroke will occaſion 
their cloſing. 


In this manner we may allo trace the extent 


and progreſs of the motion according to the 
force; a ſlighter ſhock raiſing only the lobes 


that are touched, a harder the oppoſite ones, 


and ſo the whole, 


This 


3 

Tbis quality in the leaves of plants, as 
their general ſtructure is the ſame, and the 
{ame agent operates univerſally, ought to be 
found in all; though in various degrees, ae 
cording to the bonſtruction of their parts. In 
this, as all the preceding inſtances, juſt ob- 
ſervation confirms the principles deduced from 
reaſon. In ſome it is greater, in others leſs; 
in many obvious to the common eye, in 
others difficultly perceived by the moſt accu- 
rate; but on a ſtrict and cloſe examination, 


1 have not found any plant or tree wholly” 
deſtitute of 1 =: | 


SECT. NI. 


That the curious who ſhall chuſe to repeat | 
the experiments mentioned in the preceding 


pages, may find no difficulty in that reſpe&, I _ 


{hall give the particulars of the plants, and ap- 
panes with which I made them. ; 

The Abrus, Senſitive, and Tamarind, 1 
chile in pots, from the nurſery of Mr. 


Lee, near Hammerſmith : a perſon whoſe in- 


duſtry and knowledge in his buſineſs, will 


ſome time make him h to his advan- | 


"tae. 7. 
= The microſcopes were thoſe of Mr. Cuff. 
The Abrus was a flouriſhing plant, of two 
| fort and a half high: the Tamarind ſome- 
thing taller. The Senſitive was a young one; 
in which ſtate there are only two Rane 
leaves upon each footſtalk. _ 
A plant of this growth is moſt manageable 
out of a ſtoy e, and Was preferred for that rea- 
ſon; 
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fon; but the fame experiments made on | thoſe 
of larger growth, anſwer in The ſame man- 
Ker 
The place where they were kept, unfeſs 
when removed for the particular Experiments 
which required it, was a ſouth window. 
The Abrus will live very well in ſuch a 
ſituation at this teaſon of the year; and the 
Senſitive, with due care, may be kept in to- 
lerable perfection in the fare manner, a fort- 
night or three weeks; though much more ten- 
der than the other. 7585 
The apparatus for the experiments, beſt de 
the microſcope, conſiſts only of a fine pen- 


Knife, and a flat board, covered with a 25 of 


5 cork, fix inches long, And three broad. 
In order to trace the courſe of the fibres, 
and ſee their cluſters diſtinctly, a leaf of the 
Abrus muſt be pulled off, by flipping it down- 
ward. This brings away its baſe entire, and is 
neceſſary for obtaining in perfection the cluſter 
vrhich 1s ſituated there. 
The leat mulk be laid flat upon the cork, 
and fixed down by a ſmall pin, thruſt through 
the middle rib, a little above the place where 
the firſt pair of lobes are inſerted. . 
There muſt be a good light, and a kareful 
| ſteady hand, and the point of the benkrife 
muſt be kept ſharp TEEN... = 
It will be eaſy to let this in at the middle of 
| the rib, a little above the inſertion of the firſt 
| lobes, and to ſplit the rib thence equally. to 
= {© 
The object is neither too minute for "ag 
a hand, nor the eye; nor does it require thoſe 
Powerful 


EF - 
powerful magnifiers, which are often needful 
in the more delicate reſearches. 
The cluſter of the fibres at the baſe of the 
main footſtalk, will be thus ſeen: they will 
appear cut mote or leſs exactly in two, accord- 
ing to the diviſion of the ſtalk, and their courſe 
and interwoven texture afford a pleaſing ob- 


. 


This is the gt experiniment to be made ; 
and it is very happy that the conſtruction is 
ſeen without great difficulty, for it leads the 


Way to the reſt, which being minute, require = 


a a more ſtrict ſcrutiny, 
The courſe of the fibres along the middle 
rib, and their cluſtering at the baſes of the 
lobes, may be purſued by ſplitting the foot- 
| talk farther up: but as this is not caſily done, 
I have been uſed to cut off the upper and un- 
der part of the leaf, and leaving only a piece, 
which has one pair of the lobes, and to cut it 
acroſs in the centre of their baſes. = 
This requires a careful eye, and a very re- 
gular preſſure of the penknife ; but with ſo 
much caution, it may always be done ſucceſs- 9 


full 4 

At che baſe of each lobe there will be ſeen 
a cluſter, in all reſpects reſembling. the firſt, 
only more delicate ; and from that the fibres 


| will be found eee in a ſtrait courſe along =o 


the middle rib, as they are in the ſame way 
along the footſtalk, from the firſt cluſter, 

Ik bis way the eye perceives that there are 
ſuch fibres, that they are ſo cluſtered, and that 
their courſe is regular from thence. The fact 
1 fo aſcertained, but to admire duly the con- 

E „ ſtructlon 


THY 


| action on which this motion depends, the 


fibres muſt be ſeparated from all ſurrounding 


matter, and laid before the double nn 


in water, 


The Sad; is this: 
Let a leaf be pulled from the Abr, as be. 


fore, and in the ſime manner cut into two 
three ſhort pieces; two lobes remaining with 


each: let the footſtalk be ſplit firſt at the baſe, | 


and afterwards croſswiſe at each joint; thro 


the baſes of the two lobes, and into the centre 
of the middle rib of each. 


Loet the ends of the D bas cut off; nag 2 . 


number of theſe pieces be put into a ſaucer of 5 


water, keeping them down by ſome little 
weight. 


They muſt lie in this 3 water two or c three 


__ days, according to the warmth of the weather; 
and at the end of that time they muſt be preſ- 
ſed gently againſt the bottom of the ſaucer, 
Vith a piece of muſlin tied to the end of a 
5 pen, or other ſuch implement. 


This muſt be done with a - delicate hund. 


: and repeated often. They will be thus cleared 
from all ſurrounding matter, The firmneſs 
of their own texture will preſerve them. They 
muſt be afterwards put into freſh water, and 
left four or five hours to ſwell and recover 
their firſt diſpoſition ; and then laid in water 
before the double microſcope. The courſe of 


their fibres in their ſimple and cluſtered Rate, 


will be thus perfectly ſeen, and the mechaniſm 


by which the motion in the lobes i 18 performed 
rally. underſtood. 


The : 


4 3 


The method with the Senſitive plant is to 
be exactly the ſame: The footſtalk ſupporting 
the two leaves, muſt be torn off downwards, 
. and the leaves expanded on the cork with 


pins, as directed for the other. The baſe of 


the footſtalk muſt firſt be ſplit with the pen- 
knife; then the baſe of each leaf on the head 
of this ſtalk, and after that the baſe of each 
lobe. The conſtruction in this part is very ob- 
vious, for it ſwells up extremely, and appears 
as a kind of joint, to ſerve the motion. 
Ihe condition of the clullers of fibres when 
the footſtalk is juſt ſplit, is more or leſs di- 
ſtinctly ſeen according to the age of the plant, 
the place of the leaf, and the degree of nou- 
riſhment. It is moſt diſtinct in a leaf taken 
from the lower part of a young plant; but not 


8 the loweſt, or any placed ſo low as to be fad. 
ing: and in the ſame manner the conſtruction 


at the baſe of the lobes is beſt ſeen in the {e- 
cond pair from the baſe of the footſtalk. 

"Theſe directions will be uſeful to thoſe UE 
will not be at the pains to clear the parts in 
Water: hut that way there is no difficulty in 

bringing the whole Py and gs Bi to 
view. Jam, 


With great oY 
5 By 


Your Humble Servant, 
London, 
Sept. 7, Es 
1757. ; 9 7 e 15 7 
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